To describe demographic and clinical risk factors for osteoporosis among persons aged 60 years and older residing in assisted living facilities and to compare the frequency of bone-mineral density (BMD) testing and initiation of pharmacotherapy for osteoporosis (prevention/treatment) in both a control and experimental cohort. Design: Prospective cohort study. Setting: Sixteen separate assisted living facilities from November 2001 through July 2002. Participants: Assisted living facility ambulatory residents (N = 111) aged 60 years and older. Intervention: Based on the subject's risk factors for osteoporosis and FRACTURE Index score (female subjects only), written recommendations were made from a multidisciplinary team to increase the percentage of residents evaluated (via central dual-energy x-ray absorptiometry [DEXA] scan) and/or treated for osteoporosis. Main Outcome Measures: FRACTURE Index was calculated on all female participants and reported with BMD or without BMD results by convention. An investigator-developed osteoporosis risk-factor assessment questionnaire was used to evaluate risk factors present for each participant. Numbers of subjects being evaluated for osteoporosis via DEXA scan and numbers of subjects having pharmacotherapy altered to prevent or treat osteoporosis were recorded. Results: One hundred eleven older adults (average age 84 [range 60-94], SD = 6.5 years) participated in the study. As a group the female cohort with no known previous diagnosis of osteoporosis were at high risk for fracture over the next five years as evidenced by an average FRACTURE Index score of 6.6 and 7.2 (control and intervention group, respectively) without BMD, and 9.9 and 10.3 (control and intervention group, respectively) with BMD, respectively. At study end, a significant number of participants in the intervention group had initiated the use of calcium or vitamin D supplements (P = 0.016 and P = 0.031, respectively). The initiation of bisphosphonates in eight subjects over the six-month study period was also significant (P = 0.008) in the intervention group. No significant changes in the use of calcium or vitamin D or specific osteoporosis therapies were realized in the control group. In the intervention group, physician contact did not result in a significant increase in the numbers of participants receiving a BMD evaluation. Conclusion: As a whole, residents residing in assisted living facilities are at high risk of having osteoporosis and/or sustaining a fracture. When assessment of osteoporosis and fracture risk is communicated to a physician, use of therapies aimed to improve bone health increases. In this study, there was a significant increase in the use of calcium, vitamin D, and bisphosphonates in the intervention cohort. However, physician contact did not result in more participants receiving a BMD evaluation.
Introduction
Osteoporosis is a silent condition that often remains undiagnosed until complicated by the presence of a fracture. 1, 2 Less than one-third of individuals with osteoporosis have been diagnosed, and only one-seventh of American women with osteoporosis receive treatment. 1 Of women who have osteoporosis, 45% of those 50 years of age and older have a 40% lifetime risk of sustaining a fracture of the hip, vertebrae, or distal forearm. 3 Additionally, within a year of fracturing a hip, 20% of community-dwelling women and 40% of men die, about 60% never return to prefracture function, and 40% require long-term care. 4 Therefore, osteoporosis is associated with loss of independence and significant morbidity and mortality, particularly when left undiagnosed and untreated.
Older adults at risk of osteoporosis should be appropriately assessed and evaluated. 5 In particular, residents living in assisted living facilities often have not been screened or evaluated appropriately for many chronic age-associated diseases (e.g., osteoporosis). Data on the incidence and prevalence of osteoporosis in assisted living facilities are virtually nonexistent; however, it is well known that osteoporosis is underrecognized and undertreated in long-term care facilities. 6 Patients as well as their caregivers, nurses, and other health care providers may not recognize that osteoporosis can often be a crippling or fatal condition in older adults. According to recent literature, physicians often do not implement pharmacotherapeutic guidelines for the management of patients at risk of or with osteoporosis. 7 Furthermore, many health care professionals need to be made aware of the Bone Mass Measurement Act (BMMA) and its implications in diagnosing and monitoring osteoporosis. 8 Osteoporosis or low-bone mass (formerly known as osteopenia) results in more than 1.5 million fractures per year, costing the U.S. health care system more than $13.8 billion. 9 The number of fractures is expected to rise by 100,000 during the next 20 years. One large epidemiological study of community-dwelling residents found that 55% of women between the ages of 70 to 79 and 73% of those 80 years of age or older had a bone mineral density (BMD) 2.0 standard deviations (SD) below the youngadult mean, placing them at increased risk for sustaining a fracture. 10 Low BMD and advanced age are related to increased risk of fracture.
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More than one million Americans currently reside in an estimated 20,000 assisted living facilities. 12, 13 Residents in assisted living facilities more closely resemble communitydwelling elders in that they tend to cook, clean, and perform the activities of daily living more independently than those in long-term care facilities. Among senior housing options, assisted living facilities accounted for the greatest growth between 1991 and 1998; there was a 49.4% increase in the number of properties and a 115% increase in the number of available beds. 12 An additional 150% increase in the number of assisted living facilities is expected by 2030. 12 The average age of assisted living residents is 84 years, and nearly 80% of residents are women. 3 Consequently, as a population, persons residing in assisted living facilities are likely to be at high risk for osteoporosis.
A goal of assisted living facility administrators is to help residents maintain independence and an acceptable level of quality of life. An important aspect of this is to facilitate appropriate identification, diagnosis, and treatment of chronic and potentially crippling diseases such as osteoporosis. Additionally, as pharmacists become more involved in pharmaceutical care issues regarding residents of assisted living facilities, research is needed to study the impact that pharmacists-along with other members of the health care team-have on the identification and treatment of people with chronic conditions residing in this environment. A study to test an osteoporosis intervention intended to increase the number of assisted living facility residents evaluated and, when appropriate, treated for osteoporosis is reported in this paper.
Conceptual Model
The Cox Interaction Model of Client Health Behavior offers a conceptual framework for studying chronic disease prevention and treatment in community-based populations, in contrast to acute largely directed by health care professionals.This is because of the technical competency required during care, and prevention and management of chronic illness, primarily is under the auspices of the affected individual; health care providers act in supportive roles.
14 Osteoporosis prevention and treatment falls into the category of chronic illness, and the proposed research can be guided by the model developed by Cox. Philosophic assumptions of the model that make it ideal for studying client behavior in a community-based setting include:
■ Clients' ability to make responsible choices about health behavior ■ Clients make choices that are affected both by their own unique characteristics and the interventions of health care professionals ■ Clients are given maximal responsibility for their health behavior within the limitations of their internal and external resources.
The model proposes a bidirectional methodology to measure changes in health behaviors and outcomes. As such, the clients' background and cognitive variables (Element of Client Singularity) will influence the intervention (Elements of Client Professional Interaction) as well as serve as the outcome measures after the intervention (Elements of Health Outcome).
Methods

Design
A prospective 12-month trial involved two groupsintervention and control, identified as group A and B, respectively. All assisted living facilities in a 15-mile radius of the primary investigator were identified (N = 28). Every identified assisted living facility was approached to participate, with 16 agreeing to take part in this research study.These 16 assisted living facilities were matched for residents' average age, gender, privatepay versus government subsidy, and length of stay.They then were assigned randomly as intervention (Group A = 8 assisted living facilities) or control facilities (Group B = 8 assisted living facilities).
Sample
A total of 111 residents (n = 60 Group A; n = 51 Group B) who met the inclusion criteria of being 60 years of age or older and ambulatory-excluding those with a terminal illness or a diagnosis of dementia-were enrolled. Of the total population available to enroll from (total census of facilities participating), 17.5% of the residents were enrolled in Group A, and 9.2% of the total available were enrolled in Group B.
Study Protocol
Written informed consent was obtained from each participant and the Institutional Review Board of Washington State University approved the study. All residents at participating facilities were invited to attend an interactive educational program and were notified by a program flier, a weekly announcement posted on the facility calendar, and/or information in a facility newsletter. Some residents were individually asked by the activity director to attend the interactive educational program. Residents in all facilities received educational programs on the safe use of prescription and over-the-counter (OTC) medications. Residents in Group A facilities (intervention group) also received an investigator-developed educational program focused on osteoporosis ("Osteoporosis and You:What You Need to Know and Do"). All persons who attended the educational programs were invited to participate in the research project. Once enrolled, the following data were gathered: demographic characteristics (e.g., age, gender, race) and number and type of osteoporotic/fracture risk factors (e.g., fracture history, family history [see Table 1 ]). A complete health and drug history was also obtained during the initial study visit. Each female participant was evaluated using the FRACTURE Index as described by Black (see Table 2 ).This tool was designed as a screening tool to assess the risk of fractures in postmenopausal women and is useful in identifying postmenopausal women who are at high risk of hip, nonvertebral, and vertebral fractures over the subsequent five years and for whom further clinical assessment and intervention are most warranted.
Additionally, the Survey of Activities and Fear of Falling in the Elderly (SAFE) Scale was completed 15 ; however these data are not presented in this report.
Intervention
In the Group A facilities (intervention), primary care providers of residents at high risk for osteoporosis received a written recommendation to consider BMD testing and/or appropriate pharmacotherapy (see Appendix). Additionally, study participants were educated about their specific risk factors and the purpose of BMD testing and potential therapies.The importance of adequate intake (dietary or otherwise) of calcium and vitamin D was also reinforced. All research participants (Groups A and B) were reassessed via face-to-face interview at three and six months after study enrollment to determine whether BMD testing had been done and/or if there were any changes in pharmacotherapy specifically related to bone health.When available, facility medical administration records were used to verify medication regimens. Many subjects self-administered their medications, and in this instance drug regimen data were gathered via subject self-report or by direct observation of the medications in the subjects' living space.
Research Instruments
The investigator-developed Health and Medication History form was used to document demographic, drug, and medical history information as well as to document additional osteoporosis risk factors and fracture risks not covered in the FRACTURE Index (Table 1 has a list of these additional risk factors).The FRACTURE Index as developed by Black et al. 5 and the SAFE score as developed by Lachman and colleagues 15 were also used.The FRACTURE Index can be determined one of two ways: with or without BMD data.
Data Analysis
Univariate and multivariate statistical tests were employed. Based on normality of data, chi-square or t-test (or nonparametric equivalent) statistics were used for direct comparisons.
Results
The sample consisted of 111 participants with a mean age of 84 years (range 60 to 94, SD = 6.5 years).The 
(1) NS
Abbreviations: BMD = bone mineral density, NS = not significant, SERM = selective estrogen receptor modulator (e.g., raloxifene). a Risk factors for osteoporosis or fracture (FRACTURE Index items excluded) b FRACTURE Index items majority (98%) were Caucasian and female (78%), and 28% (n = 31) had a known diagnosis of osteoporosis. The only significant differences between the control (n = 51) and intervention (n = 60) groups at baseline was that there were significantly more women in the intervention group, compared with the control group ( Table 1 ). Note that the table reports baseline demographic and osteoporosis risk factor only of the female subjects because too few men were enrolled to provide meaningful analysis. Female participants in both groups had a high degree of risk for osteoporosis and/or fracture.The majority of participants were over the age of 80 (80%), with 48% of all female participants having had experienced a fracture since the age of 60. Characteristics placing the female participants at a high risk of osteoporosis and fracture included advanced age, a family history of osteoporosis (29%), and a weight of less than 125 pounds (39%).The entire female population studied (control and intervention group) that had not had a prior diagnosis of osteoporosis and over the next five years were at high risk of fracture. In the control group of females without a prior diagnosis of osteoporosis, FRAC-TURE Index average scores of 6.6 (+/-1.7) and 9.9 (+/-2.3) without BMD and with BMD, respectively, indicate a high risk of fracture over the following five years. Likewise the intervention group (females without a prior diagnosis of osteoporosis) also was in the highest fracture risk category as evidenced by the average FRAC-TURE Index scores of 7.2 (+/-1.4) and 10.3 (+/-3.3), without BMD and with BMD, respectively. Only 31% (29) of all female participants had a prior BMD test performed. Regarding drug therapy at baseline, 61% and 67% of the control group and 55% and 56% of the intervention group were consuming additional calcium or vitamin D as a supplement, respectively. Table 1 lists the numbers of females in the control and intervention cohorts at baseline who were taking medications that can improve bone health or prevent and/or treat osteoporosis. As shown, significantly more participants in the control group were taking a bisphosphonate at baseline. At three and six months following the intervention, participants were evaluated for changes in pharmacotherapy (e.g., use of vitamin D, calcium, selective estrogen receptor modulators, bisphosphonates) and whether BMD testing had been done. At the three-month evaluation, more people in the intervention group had initiated calcium as compared with the control group (P = 0.016). At study end, a significant number of participants in the intervention group had initiated the use of additional vitamin D (P = 0.031).The initiation of a bisphosphonate over the six-month study period was significant in the intervention group (P = 0.008). Over the study period, no significant changes in osteoporosis therapies were observed in the control group.There was no significant difference in the number of people in the intervention versus control group who had received BMD testing (1 versus 0). As an aside, no male patients received additional pharmacotherapy or received a BMD evaluation. Four subjects (one male and three females) in the control group (three died and one relocated) and five females (four died and one relocated) in the intervention group were lost to follow-up.
Discussion
Improving bone health in patients at risk of osteoporosis is critical if fractures are to be avoided.Therefore, identifying those at risk of developing osteoporosis and subsequent fracture is paramount.The role of non-BMD risk factors plays a significant and independent role in the prediction of hip fracture. 16 The Study of Osteoporotic Fractures demonstrated that a number of risk factors were predictive of hip fracture risk in Caucasian women over age 65 years. 16 The FRACTURE Index score can be used in older females to assist with meaningful information regarding risk of fracture and help with the decision to receive further evaluation on osteoporosis. Once identified as being at risk, the patient would need to be evaluated further, and the score obtained from this index can assist the patient and practitioner regarding this need. Appropriate evaluation, before fracture occurs, is a challenge. Often even after fractures take place, inadequate evaluation ensues. 17 The population studied as a whole tended to possess multiple risk factors for osteoporosis. Among these were advanced age, presence of preexisting fracture, weight under 125 pounds, and family history of osteoporosis. The relationship between age and risk of hip fracture is very strong, 18 and age is the most important single component of the FRACTURE index. 5 In this study, the average age of the female participants was 84, identifying as a group a very important risk factor for osteoporosis and fracture.The FRACTURE Index can be used either with or without BMD testing by older postmenopausal women or their clinicians to assess the five-year risk of hip and other osteoporotic fractures. It also could be useful in determining the need for further evaluation for osteoporosis. It is recommended by Black et al. that postmenopausal women with a total score of 4 or above without BMD, or a score of 6 or above with BMD on the FRACTURE Index, should undergo further evaluation by a physician. 5 In this study, the average FRACTURE Index scores were over these recommended levels. Actually, the average FRACTURE Index scores for each female cohort placed those evaluated in the highest risk category for fracture over the ensuing five years.
In this study, the number and type of risk factors as well as the FRACTURE Index score were communicated to the primary provider for the intervention group. While many participants were at high risk of fracture, only one participant received a BMD test during the sixmonth study period. It is possible that written communication is not the ideal way to communicate the need for further bone-health evaluation.The use of calcium and vitamin D supplements significantly increased in the intervention group, as did the use of bisphosphonates. From the data it is apparent that these decisions were made apart from the use of the BMD test. Nonetheless, the increases in the use of supplements and prescribed pharmacotherapy increased in the intervention group. The use of prescribed medications and supplements for the most part remained unchanged in the control group. Limitations to this study included possible selection bias in that those willing to participate may have been motivated by a concern about their bone health.This may partially explain why a higher percentage of the total available population was enrolled in the intervention cohort. Also, there may have been initial facility selfselection bias in that the facilities that are more proactive in their residents' health may have been more likely to volunteer to be included in this study.The groups were not evenly matched in regard to gender, use of a bisphosphonate and FRACTURE Index score at baseline-all which may have favored the initiation of a change in therapy in the intervention group.When changes in therapy were realized, the initiating factor (e.g., participant education, physician contact) resulting in the medication change was not determined. In addition, medical history and FRACTURE Index information were obtained via participant self-report.The socioeconomic and/or education level of the residents was not gathered, and if significant differences among the cohorts existed in this regard, this could have influenced the outcomes reported in this study.
Conclusion
As a whole, residents residing in assisted living facilities are at high risk of having osteoporosis and sustaining a subsequent fracture. Educating residents on osteoporosis and further assessment for osteoporosis risk fractures and fracture risk using the FRACTURE Index score, which then is communicated to the physician, can positively impact the use of therapies to improve bone health in assisted living facility residents. Increased use of BMD testing to evaluate osteoporosis was not helped by written communication of the risk factors or by reporting of FRACTURE Index score.This study confirms that residents of assisted living facilities require further assessment of their bone health; this represents an opportunity for pharmacists to advocate for and aid assisted living facility residents in receiving further evaluation for the presence of osteoporosis.
Appendix. Pertinent Information from Sample Prescriber Letter
Dear Dr.__________________________________:
Your patient, Patient Name, has agreed to participate in a funded study aimed at increasing awareness of osteoporosis in residents of assisted living facilities. Published research has shown the risk factors listed below are related to an increased risk of osteoporosis and/or fracture. Your patient may be at higher than average risk for osteoporosis and/or fracture because of the factors checked. 
Recommendations for consideration include:
■ BMD testing if not already performed ■ Calcium/vitamin D supplementation if inadequate from dietary intake ■ Appropriate pharmacotherapy, if deemed necessary by your evaluation and assessment
